Immunological parameters were measured in order to elucidate a postoperative immunosuppression mechanism in transthoracic esophagectomy for patients with esophageal cancer. Moreover, lymphokine-activated killer (LAK) cells were transferred just after the surgery to overcome the postoperative immunosuppression. Fifteen consecutive patients who underwent transthoracic esophagectomy were subjected to the postoperative measurement of immunological parameters. Ten patients who underwent open cholecystectomy served as controls. Heparinized venous blood was obtained pre-and postoperatively, and serum levels of cytokines IL-6 and IL-10 and immunosuppressive acidic protein (IAP) were measured. Peripheral blood lymphocytes were harvested and analyzed by flow cytometry for phenotype detection and by a mixed lymphocyte reaction for detecting concanavalin (Con)-A-induced or -non-induced suppressor activity. Another 29 consecutive patients who underwent transthoracic esophagectomy were randomly enrolled in a postoperative immunotherapy trial either with or without lymphokineactivated killer cells. It was found that, in the esophagectomy group, IL-6 and IL-10 increased postoperatively and peaked on day 1, followed by an increase in IAP, peaked again on day 4, with a profound decrease in helper and cytotoxic T-cell subsets, followed by increases in Con-A-induced (on day 7 or later) and spontaneous (on day 10) suppressor activities. These changes were minimal in the cholecystectomy group. LAK cell transfer restored the postoperative decrease in the helper and cytotoxic T-cell population, and there was a trend of reduction for postoperative remote infection such as pneumonia and surgical site infection in the LAK therapy group. Taken together, we would like to propose the existence of a postoperative immunosuppression cascade consisting of increases in cytokines and immunosuppressive proteins, decreases in helper and cytotoxic T-cell populations, and the development of suppressor T-cell activities in surgery for esophageal cancer. Postoperative adoptive transfer of LAK cells may be a novel clinical application in surgery for esophageal cancer as a means of treating this postoperative immunosuppressive condition that may be identical to the status of compensatory anti-inflammatory response syndrome (CARS).
Introduction
Major thoraco-abdominal surgery, as represented by transthoracic esophagectomy, causes profound postoperative surgical stress, which can stimulate the production of pro-inflammatory cytokines, including TNF, IL-1 and IL-6, by immunocompetent cells (1) . This condition, based on hypercytokinemia, was defined in 1991 through the consensus conference of the American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM), as systemic inflammatory response syndrome (SIRS) (2) . On the other hand, an antiinflammatory response is subsequently triggered by SIRS. This response is designated as compensatory anti-inflammatory response syndrome (CARS) (3) . The anti-inflammatory cytokine IL-10 is a representative mediator in CARS status (4) . Postoperative host responses are therefore understood as being a balance of SIRS and CARS, but they have not been fully explored in surgery for esophageal cancer. Moreover, an imbalance between these dual immune responses, with an overwhelming release of pro-or anti-inflammatory cytokines, seems to be responsible for organ dysfunction and increased susceptibility to infections (5) . Medical regulation of SIRS and CARS has been conducted to improve these adverse effects, but the most desirable means of regulation remains under investigation (6) (7) (8) (9) (10) (11) .
The discovery and molecular cloning of the crucial lymphocyte growth factor, interleukin-2 (IL-2), has facilitated the clinical application of adoptive immunotherapy (AIT) for cancer using autologous lymphocytes activated in vitro with IL-2 (12) . We have carried out ex vivo cell therapy for cancer treatment using activated autologous lymphocytes, including lymphokine-activated killer (LAK) cells, tumor-infiltrating lymphocytes (TILs), and tumor-sensitized lymphocytes, but tumor responses are limited with regard to quality of life in locoregional administration for malignant effusion from gastrointestinal cancers (13) . Ueda et al have reported an efficacy of AIT using LAK cells for metastatic esophageal cancer (14) . The clinical trials using postoperative LAK cell transfer have demonstrated survival benefits in hepatocellular carcinoma (15) and lung cancer (16) . However, the effects of AIT using LAK cells for postoperative stress status, SIRS and CARS have not yet been demonstrated.
In the present study, we explored the postoperative immunosuppression cascade in esophageal cancer surgery. Moreover, we conducted postoperative LAK therapy for patients with esophageal cancer and found that this therapy may be a possible therapeutic application for the postoperative immunosuppressive condition, CARS.
Materials and methods
Patients. Fifteen consecutive patients with histologically proven esophageal squamous cell carcinoma who underwent transthoracic esophagectomy were subjected to postoperative immunosuppression measurements, and 10 patients with open cholecystectomy served as controls. Another 29 consecutive patients with esophageal cancer were enrolled in the adjuvant LAK therapy study after sufficient written informed consent. The protocol was approved by the institutional review board. The patients were randomly assigned to either the standard therapy group or the LAK therapy group.
Collection of blood samples and lymphocytes. Heparinized venous blood was obtained from patients and healthy volunteers, and buffy coat and plasma were immediately separated by centrifugation (2,000 rpm, 30 min). The supernatant was subjected to measurements of cytokines and immunosuppressive acidic protein (IAP). The buffy coat was resuspended in RPMI-1640 medium, and the suspension was layered on Ficoll-Conray. Peripheral blood mononuclear cells (PBMCs) were isolated by gradient centrifugation (2,000 rpm, 30 min), washed twice, and resuspended in the medium containing 2% AB serum at a density of 1x10 6 /ml.
Cytokines and acute inflammatory proteins. Collected plasma samples were subjected to the measurement for IL-6, IL-10 and immunosuppressive acidic protein (IAP). IL-6 and IL-10
were measured using an ELISA kit according to the manufacturer's instructions (R&D Systems, Minneapolis, MN). IAP was measured by the SRL Co., Tokyo.
Flow cytometry. Fifty microliters each of the lymphocyte suspension (5x10 5 ) were stained with antibodies, washed, and then analyzed on a Cytoron (Ortho Diagnostic Systems, USA). The antibodies used were fluorescein isothiocyanate (FITC)-labeled anti-CD4 and -CD8 antibodies, phycoerythrin (PE)-labeled anti-CD45RA and -CD11b antibodies. All antibodies used were purchased from Becton-Dickinson, San Diego, CA.
Suppressor activity. A one-way mixed lymphocyte reaction (MLR) was performed as described in detail elsewhere (17) . In brief, PBMCs were stimulated with 0 or 10 μg/ml concanavalin-A (Con-A, Boehringer, Germany) for 24 h at 37˚C. Cells were treated with 50 μg/ml mitomycin-C for 1 h at 37˚C, washed 3 times, and resuspended in the medium as effector cells (5x10 5 /ml). Responder PBMCs (5x10 5 /ml) were collected from healthy subjects. Effector and responder cells (1:1) were co-cultured in RPMI-1640 medium containing 2% AB serum for 4 days at 37˚C in the presence of 15 μg/ml phytohemagglutinin (Difco, USA). Cells were pulsed with 5 μCi/ml 3 Hthymidine and incubated for another 8 h. Cells were harvested, and radioactivity was measured. Suppressor activity (SA) was calculated using the following formula: SA (%) = {1 -MLR (cpm)/responder cells alone (cpm)} x 100.
LAK cell generation and postoperative transfer. Plasmapheresis was performed using Haemonetics V30 (Haemonetics Corp., Braintree, MA) to harvest patients' white blood cells (WBCs) 2 weeks and 1 week before surgery. PBMCs were collected from WBCs by centrifugation. LAK cells were generated by culturing PBMCs (10 6 /ml) for 2 weeks in RPMI-1640 medium containing 2% autologous serum and 400 U/ml IL-2 (Sionogi, Tokyo) supplemented with 2 mM l-glutamine, 100 U/ml penicillin and 100 μg/ml streptomycin. The culture medium was half-changed with fresh medium containing IL-2 every 3-4 days. LAK cells (1-3x10 9 cells) were washed 3 times by saline, filtered through 200 μm mesh, resuspended in 100 ml saline, and administered intravenously twice a week (up to 6 times), postoperatively. Bacterial and endotoxin examinations were made 3 days before and on the day of administration.
Statistical analysis. Statistical analysis was conducted by thē
2 test or Student's t-test using StatView software (Version 5) on a Macintosh computer. All values are presented as mean ± standard deviation, and p<0.05 was defined as statistically significant.
Results
Patients for postoperative measurements of immunological parameters. The esophagectomy (EG) group included 15 patients consisting of 11 men and 4 women, with a mean age of 58 years (Table I ). In the cholecystectomy (CC) group, there were 3 men and 7 women whose mean age was 55.
There was a significant difference between the EG and CC groups with regard to gender (p<0.05). Operative time and blood loss were 378 min and 570 g for the EG group, and 97 min and 181 g for the CC group, respectively. There were significant differences in these values (p<0.05).
Postoperative changes in serum IL-6 and IL-10 in patients with esophageal cancer. Postoperative cytokine levels were investigated (Fig. 1) . Serum levels of IL-6 increased postoperatively, peaked on day 1, and then decreased. Serum levels of IL-10 fluctuated similarly with those of IL-6. Significant increases of IL-6 and IL-10 were observed on day 1 in the EG group compared with the CC group (p<0.01).
Postoperative changes in serum IAP. Postoperative changes in IAP, an acute-phase reactant protein, were investigated (Fig. 2) . Serum levels of IAP increased postoperatively, peaked on day 4, and then decreased. Significant increases in IAP were observed before surgery, on day 4, and still on day 30 in the EG group compared with the CC group (p<0.05).
Postoperative changes in helper and cytotoxic T cell population. Postoperative changes in functional lymphocyte subsets, including the CD4 + CD45RA -helper subset and the CD8 + CD11b -cytotoxic T-cell subset, were investigated (Fig. 3) . Changes in the helper and cytotoxic T-cell subsets were minimal in the CC group. In the EG group, however, levels of the helper subset significantly decreased compared with those in the CC group on day 1, continuing through day 14, and recovering, to a lesser extent, but still remaining at low levels on day 30 (p<0.05). The changes in the cytotoxic T-cell subset in the EG group were very similar to those of the helper subset.
Postoperative changes in suppressor activity. Con-A-induced and -non-induced (spontaneous) suppressor activities were ONCOLOGY REPORTS 15: 895-901, 2006 Table I. Patients for postoperative measurements of immunological parameters. Gender  Male  3  11  Female  7  4 Age (mean ± SD) 55±11 58±10
Operation time (min, mean ± SD) 97±17 379±75
Blood loss investigated (Fig. 4) . Con-A-induced suppressor activity significantly increased in the EG group, peaked on day 7, then gradually decreased but still remained high on day 30 (p<0.05). Con-A-non-induced spontaneous suppressor activity also increased significantly in the EG group, but peaked on day 10, and decreased thereafter (p<0.05). These changes were minimal in the CC group.
Patients with esophageal cancer who received postoperative adjuvant LAK therapy. Twenty-nine patients who underwent transthoracic esophagectomy were randomly treated postoperatively with or without LAK cell transfer. Patient characteristics are shown in Table II . There were no significant differences between LAK (+) and (-) groups in terms of gender, age or tumor stage. LAK cells were transferred safely postoperatively approximately four times with a total dose of 4.5x10 9 cells (median).
Effects of postoperative LAK therapy on changes in helper and cytotoxic T-cell subsets.
Effects of LAK cell transfer on the postoperative changes in helper and cytotoxic T cell subsets were studied (Fig. 5) . Levels of the helper subset decreased postoperatively, as mentioned above for the LAK(-) group. This decrease in levels of the helper subset was almost abrogated with postoperative LAK cell transfer. As for the cytotoxic T-cell subset, postoperative LAK therapy restored the decrease in the subset, similarly to the effects of the helper subset. Significant differences were observed between LAK(-) and LAK(+) groups with regard to the percentage of postoperative helper T-cell and cytotoxic T-cell populations (p<0.05).
Postoperative infection after esophagectomy with or without LAK therapy. Postoperative pulmonary and wound infections were evaluated (Table III) . In the LAK(-) group, 3 and 2 of 15 patients developed pneumonia and wound infection, respectively. In contrast, only 2 of 14 patients developed pneumonia in the LAK(+) group, and no wound infection was Table II . Esophageal cancer patients received postoperative adjuvant LAK therapy.
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Patients who underwent transthoracic esophagectomy were treated either with or without postoperative LAK cell transfer. The incidence of postoperative pneumonia and wound infections was evaluated. The statistical difference between the LAK(+) and LAK(-) groups was p=0.09.
There was a trend of reductive effects on infections in the LAK(+) groups (p=0.09).
Discussion
We investigated postoperative changes in immunological parameters in order to elucidate the influences of surgical stress and host responses after transthoracic esophagectomy. It was found that levels of proinflammatory cytokine IL-6 and antiinflammatory cytokine IL-10 increased postoperatively and peaked on day 1, followed by an increase in acute-phase reactant protein IAP, peaked on day 4, with a profound decrease in levels of helper and cytotoxic T-cell subsets, followed by increases in Con-A-induced and spontaneous suppressor activities. IL-6 has been reported to induce acute-phase reactant proteins like C-reactive protein and ·1-acid glycoprotein (18) . IAP has been reported to be a member of the ·1-acid glycoprotein family (19) . IAP also has been demonstrated to down-modulate CD4 molecules on the lymphocyte surface, leading to the establishment of cancer-associated immunodepression, and to induce suppressor-inducer cells (20) . Con-A-induced suppressor cell activity has been reported to indicate the presence of suppressor precursor cells that mature in response to stimulation with suppressor inducer cells (17) . Based on the above, we propose the existence of a postoperative immunosuppression cascade consisting of increases of cytokines, immunosuppressive proteins, decreases in helper and cytotoxic T-cell populations, and the development of suppressor T-cells (Fig. 6) . All of these are triggered by the increase in inflammatory cytokines that induce humoral and cellular suppressive components.
In our postoperative immunosuppression cascade, suppressor cells are finally activated and differentiated. Recently, Sakaguchi et al (21) reported the existence of CD4 + CD25 + new suppressor cells, designated as regulatory T (T-reg) cells. T-reg cells have been demonstrated to be involved in auto-immunity, tumor immunity, chronic infection and infertility. Murphy et al (22) have reported in a murine model that T-reg cells are involved in the suppression of innate immunity after the stress of injury. Although we did not fractionate lymphocytes by using CD4 antigen in the MLR experiments, the Con-A-induced or spontaneous suppressor activities described herein may include, to some extent, CD4 + CD25 + T-reg cell activity, as these suppressor activities have been shown to reside in CD4 + CD62L + cells (23) . Moreover, it has been reported that the development of T-reg cells requires transforming growth factor (TGF)-ß (24), and we have demonstrated TGF-ß production by CD62L + cells (23) . Elias et al have reported the existence of an IL-6-TGF-ß regulation system in a human fibroblast model (25) . These results suggest that T-reg cells may also be involved in the postoperative immunosuppression cascade in the human system. This hypothesis remains to be tested further.
The postoperative immunosuppression cascade described herein may be matched with the compensatory antiinflammatory response syndrome (CARS). The CARS is a reciprocal situation triggered by SIRS after surgical stress (3, 4) . The CARS can cause remote infections, including pneumonia, based on profound immunodepression, where IL-10 plays an important role (5). IL-10 is a T-helper type 2 cytokine (11). Through insights into the pathophysiological mechanisms of SIRS and CARS, strategies for the use of T-helper type 1 cytokines of G-CSF (8), GM-CSF (9), IFN-Á (10) and IL-12 (11) , have been studied with regard to the treatment of CARS, but the clinical benefits remain under investigation. In our study, CARS was thought of as a depression of functional lymphocytes, including helper T cells and cytotoxic T cells. This perspective may indicate that adoptive transfer of activated lymphocytes, for example LAK cells, is of use. It has been reported that IL-2-activated peripheral blood LAK cells consist of CD4 + and CD8 cells as well as NK cells (26, 27) . Moreover, we have system for easily expanding LAK cells in our laboratory (13) . Our preliminary clinical investigation showed that postoperative LAK cell transfer restores the decrease in helper and cytotoxic T-cell populations. Moreover, there has been a trend of reduction for postoperative remote infection and surgical site infection in the LAK therapy group. These results suggest that postoperative Figure 6 . A proposal regarding the postoperative immunosuppression cascade. A postoperative immunosuppression cascade appears to exist that starts from increases in inflammatory cytokines, followed by increases in immunosuppressive proteins, decreases in helper and cytotoxic T-cell populations, and the development of suppressor cell activities, all of which contribute to the emergence of CARS in surgery for esophageal cancer.
adoptive transfer of LAK cells may be a novel clinical application for the treatment of CARS. A large clinical trial is now in progress for clarifying the anti-CARS effects of LAK therapy in patients with esophageal cancer.
